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Some Practical Methods for the Evaluation of 


INTRODUCTION 


Greases are used for a wide variety of 
applications. They are usually sold accord- 
ing to consumer’s specifications or on the 
manufacturer’s recommendations. Specifica- 
tions generally include such tests as free 
acidity and: alkalinity, dropping point, and 
penetration. These tests are of little use in 
predicting the suitability of the lubricant for 
a given application and only ensure uni- 
formity in successive shipments of the same 
grease. As a result, the majority of grease 
manufacturers rely on field tests to deter- 
mine the suitability of their products. In 
some cases field testing has reached prodig- 
ious proportions, and it is not uncommon 
for some manufacturers to employ whole 
fleets of trucks for testing chassis lubricants 
and wheel bearing greases. While field 
trials are necessary .to confirm laboratory 
data, they may give misleading results, par- 
ticularly if the grease is not tested under all 
conditions met in service, or if the trials are 
not carefully and constantly supervised. 


In view of the present lack of methods 
for evaluating the performance of greases 
many consumers have included tests in their 
specifications to cover the behaviour of the 
grease for a particular service. For instance, 
the U. S. Army-Navy G 3 specifications 
contain a torque test to evaluate aircraft 
greases for low temperature service. If the 
development of test methods by various 
consumers is allowed to progress in this 
manner a number of specifications covering 
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essentially the same product will be issued 
and each specification will contain a dif- 
ferent test to cover the same requirement. 
This will not only lead to the development 
of a number of test methods for the same 
purpose but will also require grease manu- 
facturers to supply a number of products 
intended for the same service. In view of 


this trend, it would seem desirable for 
grease manufacturers to take the lead and 
to co-operate with equipment manufacturers 
in making available standardized methods 
which will evaluate greases for speefic pur- 
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Figure No. I 
Apparatus for Evaluating Wheel Bearing Greases 
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poses, and which can be used as a basis for 
specifications. 


The purpose of this paper is to describe 
a number of laboratory methods which have 
been found suitable for the evaluation of: 


(a) Wheel Bearing Greases 


(b) The Consumption Characteristics of 
Brick or Block Greases 


(c) The Water Resistance of Greases 
(d) The Low Temperature Properties of 


Greases 
(e) Chassis Lubricants 


(a) THe Evatuation or WHeer BEarInG 
GREASES. 


Several previous investigators have em- 
ployed laboratory machines for the evalua- 
tion of wheel bearing greases. Blackwood 
and Spencer used ‘) a machine consisting 
of two wheel bearing assemblies separated 
by a calibrated spring. The tension of the 
spring was used as a means for loading the 
bearings. Klemgard “) also described a 
machine for this purpose. 


The apparatus used for evaluating Wheel 
Bearing Greases was similar to that devel- 
oped by Klemgard, and consists of a front- 
wheel hub and spindle assembly from a 1938 
Ford car driven by a 4 hip. electric motor. 
Figure No. I shows the general disposition 
of the parts and the method of loading. 


The bearings were loaded by pressing a 
cam against the inner race of the outboard 


Grease A 


Grease B 


Tue Institute Spoxesn; 


Grease C 


Ficure No. III 
Photographs of Wheel Bearings After Test 


bearing by means of weights and a lever 
arm. Thus any desired radial load may be 
obtained by application of an axial load. 
In order to obtain bearing temperatures 
the spindle was drilled, and a thermocouple 
was inserted against the inner race of both 
the inboard and outboard bearings. 


A test was carried out by weighing the 
outer bearing to the closest 1/10th of a 
mgm. and then packing it with 5 gms. of 
grease. The machine was assembled and 
run for 6 days at 800 r.p.m. which is equi- 
valent to a road speed of 70 m.p.h. over a 
period of about 10,000 miles. The total 
axial load on the cam pressing against the 
bearing was 456 pounds. To determine the 
eficiency of Wheel Bearing Grease the 
amount of grease remaining in the bearing, 


Figure No. II 


Results of Wheel Bearing Tests 


Designation 

Type of Grease 

Soap Content % 

Dropping Point, °F. 

Vise. S U. @ 210° F. of Mineral Oil 
Wkd. Pen at 77° F. 


W heel Bearing Test 
Maximum Temp. °F. 
Grease left in bearing % 


Loss in wt., rollers mgms. 


cup mgms. 


the bearing wear, and the temperature de- 
veloped in the bearing were measured. Typi- 
cal results for three greases are shown in 


Figure No. II. 


Grease A consists of 14% soda lime soap 
in a 46 S.U. at 210°F. viscosity oil and has 
a dropping point of 195°F. In the wheel 
bearing test the maximum temperature de- 
veloped was 214°F. and examination of the 
bearing showed a large amount of wear, 
approximately 25 mgms. The poor results 
obtained with this grease were due to the 
high operating temperature of the bearing 
which caused the grease to melt and run out 


of the bearing. 


Grease B was a long fibre grease con- 
sisting of 8% soda soap in a 190 S.U. at 
210°F. oil and possessed a dropping point 
of 400°F. The wheel bearing test on this 
grease was considerably better — showing 
9 mgms. wear. The maximum temperature 
developed in the bearing was 181°F. On 
completion of the test only 28% of the 
original grease remained in the bearing. 
It is believed that the fibrous nature of the 
grease caused it to be pulled out of the 
bearing thereby providing insufficient lubri- 
cation. 


Grease C was a short fibre grease con- 
sisting of 17.6% soda soap in a 60 viscosity 
at 210°F. mineral oil and had a dropping 
point of 363°F. The wheel bearing test 
gave excellent results showing no wear on 
the bearing. The maximum temperature de- 


veloped was ideally low, being 132 °F. 


The photographs of the bearings after test 
are shown in Figure No. III. 


In the above photograph the dark areas 
on the rollers show where wear has taken 
place. It is evident that the amount of 
wear judged by visual observation agrees 
with the loss in weight of the bearings 
shown in Figure No. II. In the normal 
operation of wheel bearings, the extent of 
the wear would not be nearly so high as 
shown in these tests. Under severe condi- 
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tions of load and speed, lubrication becomes 
more critical. The test procedure was pur- 
posely chosen to indicate the relative per- 
formance of greases under severe conditions 
for the type of equipment commonly used 
in Canada. In making laboratory tests with 
this procedure it is advisable to use the same 
manufacturer’s bearings for all tests. Bear- 
ings of the same type made by several man- 
ufacturers may have different clearances 
which will affect the results. 


Wheel bearing greases selected on the 
basis of this method of evaluation have 
given excellent performance in the field. 


(b) THe Consumption CHARACTERISTICS 
oF Brick GREAsEs 


Brick or block greases are used to lubri- 
cate half-journal bearings of paper ma- 
chines, mining equipment, cement kilns, etc. 
The conditions of operation cover a wide 
range of speed and temperature. The speed 
of such journals varies from 10 to 200 ft./ 
min. and the operating temperature may be 
as high as 300°F. In practice, brick greases 
are generally selected on the basis of mini- 
mum consumption consistent with adequate 
lubrication. Field experience in Canada has 
shown wide differences in the consumption 
of various types of brick greases used for a 
specific application and it was found neces- 
sary to develop a means of evaluating the 
consumption characteristics of this type of 
grease in the laboratory. 


A photograph of the apparatus for this 
purpose is shown in Figure No. IV. 


It consists of a steel journal 8 inches in 
diameter and 14 inches long supported by 
two anti-friction bearings. The half-bearing 
is made of bronze and is held against the 
journal by means of weights and a lever 
arm. This mechanism also provides a method 
of applying a load to the bearing. Equip- 
ment is also available to heat the journal 
electrically to any desired temperature. Vari- 
able speed is obtained by means of a Reeves 


drive. The temperature of the bearing is 
continuously recorded by two thermocouples 
placed in the half-bearing % inch from the 
surface adjacent to the journal. 


Results of tests showing the effect of 
speed and temperature on consumption 
characteristics for three greases are shown 


in Graphs I and II of Figure No. V. 


It will be observed from Graphs I and II 
that both temperature and speed have an 
effect on the consumption characteristics. 
Increasing the speed from 38 to 167 fet. 
min. while maintaining the temperature con- 
stant at 250 to 260°F. caused the con- 
sumption to double. The effect of tempera- 
ture at a constant speed of 167 ft./min. 
shown in Graph II was more marked. 
Grease A showed relatively low consumption 
up to 250°F. As the temperature was in- 
creased the consumption increased rapidly 
and the grease finally melted and ran 
through the bearing at about 270-280°F. 
This grease had an A.S.T.M. dropping 
point of 376°F. thus showing that dropping 
point alone does not necessarily indicate 
the high temperature characteristics of a 
grease in this type of service. Greases B 
and C had essentially the same physical 
characteristics such as dropping point, soap 
content, and mineral oil viscosity. Never- 
theless, the consumption of Grease B is 
extremely high throughout the whole tem- 


Figure No. IV 


Laboratory Apparatus for Evaluating Brick Greases 
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Figure No. V 
Results of Laboratory Evaluation of Brick Greases 
Temperature, “F. 
Brick Greases 
Soap, % Mineral Oil Dropping Point 
A 26 (Soda-lime) 40 376 
B 17 (Soda) 95 350 
Cc 14 (Soda) 80 374 
Figure No. VI 
Water Resistance of Greases 
Wkd. Pen. Water Absorption (c.c.) 

Type  %Soap at77°F. 75°F. 100°F ~—-200°F. 
Lime 14.0 287 20 18 16 14 12 
Lithium 12.0 260 12 13 
Aluminum 9.0 260 15 13 19 30 16 
Sodium 19.8 287 30 24 Emulsion 

at 80 c.c. 
Sodium 20.0 263 Emulsion 
at 40 c.c. 


- 


perature range while Grease C showed inj. 
formly lower consumption under 
conditions of operation. It is interesting to 
note that in general the consumption be. 
tween 200 and 250°F. doubled for every 
20°F. increase in temperature. 

A limited number of field tests showed 
the same general effect of speed and tem. 
perature on the consumption characteristics 
of brick greases. A direct correlation could 
not be obtained as the bearings of industria! 
equipment and the laboratory machine were 
not the same size. 


(c) Water Resistance or Greases. 


Many of the present specifications for 
greases have included tests for indicating 
their water resistance properties, For in. 
stance, in Chrysler MS 1805 specification 
covering wheel bearing greases, a stee| 
panel is coated with the grease under test 
and subjected to a water spray under con- 
trolled conditions. The amount of grease 
washed from the panel is used as a measure 
of its water resistance. 


A new method which was found conven. 
ient for this purpose consisted of placing 
100 grams of grease in an A.S.T.M. worker, 
adding 20 c.c. of water, and working by 
means of a power workef at a rate of 30 
strokes a minute for 10 minutes. The grease 
was then examined visually and if no free 
water were present an additional 20 c.c. of 
water was added and the grease was worked 
again for 10 minutes. This operation was 
repeated until free water was present or the 
grease broke down to a thin emulsion. The 
test is carried out at constant temperature 
by circulating oil through a jacket  sur- 
rounding the worker. A grease showing the 
least absorption of water while retaining its 
consistency was considered to be the most 
water resistant. Greases which emulsified 
with water and became liquid possessed no 
water resistance. Figure No. VI shows the 
results on a number of greases. 


The greases examined had a worked pene- 
tration of about 260-290 and contained a 
300 S.U. at 100°F. viscosity oil. Water 
resistance measurements were made over the 
range 75-200°F. It will be observed that 
lime, lithium, and aluminum soap greases 
are highly resistant to water up to tem- 
peratures of 200°F. In the case of the two 
soda soap greases, one was found satisfac- 
tory at 100°F. while the other possessed 
no water resistance. 


In general, it can be concluded that lime. 
lithium, and aluminum soap greases are 
water resistant. The degree of water re- 
sistance is, however, influenced by many 
factors such as the temperature at which the 
test is carried out, soap content, and min- 
eral oil viscosity of the grease, etc., and to 
obtain comparable data it is necessary 
make determinations on each product. This 
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is even more marked in the case of soda 
soap greases. | 

This method could, of course, yield 
further information by measuring the con- 
sistency of the grease on completion of the 
test by determining the A.S.T.M. pene- 


tration. 


(d) Low Temperature Properties OF 
GrEASES. 

It is generally accepted that measurement 
of viscosity is the most direct method for 
predicting the performance of lubricants at 
low temperatures. The viscosity of greases 
can be determined by means of a pressure 
viscometer. Figure No. VII shows the vis- 
cosity temperature relationships of a number 
of boiled lime soap greases measured at 340 
sec. —* rate of shear. 


Greases Nos. 1 and 4 have approximately 
12-13% soap content and contain 115 and 
851 S.U. at 100°F. viscosity mineral oils 
respectively. Their viscosities at —10°F. 
were 180 and 2800 stokes respectively. The 
effect of soap content is shown by com- 
paring Greases No. 2 and 3 which contain 
98% and 15.8% soap in a 312 S.U. at 
100°F. viscosity oil. An increase in soap of 
6% caused the viscosity to increase from 
620 stokes to 1520 stokes. No doubt a cor- 
relation could be established showing the 
effect of the variables, namely temperature, 
rate of shear, mineral oil viscosity and soap 
content on the viscosity of greases. 

During tests on the lubrication of some 
industrial equipment at low temperatures it 
was observed that certain greases having 
a high viscosity at low temperatures pos- 


sessed excellent low-temperature characteris- 
tics from the standpoint of torque require- 
ments. This was particularly true in the 
lubrication of certain anti-friction bearing 
applications. In view of this an effort was 
made to correlate grease viscosity and torque 
measurements in a 1” x 1-'4” sleeve bearing 
and a Norma Hoffman 2” cageless anti- 
friction bearing. The apparatus for meas- 
uring the torque at low temperatures using 
the sleeve bearing is shown in Figure No. 


VIII. 


It consisted of a brass housing 4” in 
diameter and 2” long which was attached at 
one end by means of a sleeve to the inside 
of an insulated bath. The other end of the 
housing was equipped with a removable 
cover. The bearing was rotated by a shaft 
which projected from the housing, through 
the sleeve to the outside of the bath. The 
shaft was driven at the desired speed by 
the use of interchangeable gears. The hous- 
ing was equipped with two *4” brass tubes 
which led from the interior of the housing 
to above the level of the liquid in the bath. 
One tube was placed directly above the 
circumference of the bearing contained in 
the housing. A cord was attached to the 
circumference of the bearing and led 
through the tube to a 25 |b. scale situated 
directly above the tube. The other tube, 
placed at approximately 45° angle with re- 
spect to the first tube, contained a 3-junction 
thermocouple which was attached to the 
bearing in order to measure the tempera- 
ture. Prior to making torque measurements 
at low temperatures the bearing was filled 
with a grease to be tested and run in at 


waa 


Viscosity, * Stokes 


8 


Viscosity calculated from 
Poiseuille equation at 


340 secs, ~) Rate of Shear 


Figure No. VII 


MEASURING TORQUE 


Figure No. VIII 


room temperature for 5 minutes at 45 r.p.m. 
under a 1500 gm. load. The temperature 
was then lowered to — 10°F. and maintained 
for half an hour. The maximum torque and 
the torque after 15 minutes’ operation (run- 
ning torque) were determined under no 
load at 340 sec. ~* rate of shear with the 
sleeve bearing and at 3.3 r.p.m. with the 
anti-friction bearing. 


(To be continued) 
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Aluminum stearate or lithium stearate grease production flows along, 
non-stop, with Votator equipment. And the very things which make 
continuous production possible also assure positively uniform qual- 
ity and appearance. With this completely closed system, you have 
precise mechanicalcontrol over 


@ every processing factor. Write 

to The Girdler Corporation, 

Votator Division, Dept. IS-2, 
Louisville 1, Kentucky. 


A GIRDLER PRODUCT 


A CONTINUOUS, CLOSED GREASE PROCESSING SYSTEM 


*Trade Mark Registered U.S. Patent Office 


Fl $ K E B x OT H E RS “Business is Ingreasing”’ 
REFINING CO. 


Established 1870 


Quality Compounds 
_ for Prevention of 
f Rust and Corrosion 
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SONNEBORN’S 


PETRONATE 


BATTENFELD 
GREASE & OIL 
* CORP. 


NEWARK, N. J. KANSAS CITY, MO. 
TOLEDO, OHIO MINNEAPOLIS, MINN. 
N. TONAWANDA (Buffalo) 
‘ N.Y. A purified, highly concen- 
trated petroleum sulphonate 
. —free from all impurities— 


absolutely uniform in all 
essential properties. 
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TESTING 
TOPIGS 


OW temperature kinematic 
viscosity determinations 
with Ostwald or Ubbelohde sus- 
pended level viscosimeters is 
easily accomplished with the 
new PRECISION Low Temper- 
ature Kinematic Viscosimeter 
Bath. Operating temperature 
down to —75° F. using dry ice in 
conjunction with alcohol, ace- 
tone or methanol as cooling 
medium. Equipped with motor 
stirrer, control box containing 
auto-transformer for close reg- 
ulation of heat input to attain 
desired temperature. Copper in- 
terior, 3” thick insulation. For 
ease in reading, bath interior is 
brightly illuminated, without 
shadows, and is provided with a 
large quadruple-pane non-cloud- 
ing observation window. Send 
for brochure. 
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STEEL SHIPPING CONTAINERS 
STEEL PAILS AND CANS 


All Sizes—All Styles 


We would appreciate your inquiries 


Central Can Company, Inc. 
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CHICAGO, ILL. 
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PHILADELPHIA ASBESTOS * EXTON * PENNSYLVANIA 


HOME OFFICE: 1609 SUMMER STREET, PHILADELPHIA. PA. 


“Good Oil is 
essential to good grease’ 
DEEP ROCK 
“G" Cylinder Stock 


Dewaxed Bright Stocks 
and Neutral Oils 


DEEP ROCK OIL CORPORATION 
155 N. Clark St. Chicago, III. 
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AND GLASS 
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WERNER G.SMITH CO. 
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2191 West 110th St.. Cleveland, O. 


Fats & Fatty Acids 
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W. C. HARDESTY Co., Inc. 


NEW YORK, N. Y. 


WOOL GREASES 
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Refined by 
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Ship Safely in 
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Ja L STEEL BARREL COMPANY 
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Jones & Laughlin Steel Corporation 
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Use Metasap Aluminum Stearate 
Bases for Clear, Transparent 


Water Insoluble Greases. 


METASAP CHEMICAL 
COMPANY 
HARRISON, NEW JERSEY 
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